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(57) Abstract: Disclosed is a ferritic Cr-containing steel whose thermal expansion coefficient is decreased for advantageously solv- 
ing problems related to thermal expansion/contraction. Specifically disclosed is a ferritic Cr-containing steel consisting of, in mass%, 
C: 0.03% or less, Mn: 5.0% or less, Cr: 6-40%, N: 0.03% or less, Si: 5% or less, W:2.0-6.0% and the balance of Fe and unavoidable 
impurities, which is characterized in that the deposited W is not more than 0.1% and the average thermal expansion coefficient at 
20-800°C is less than 12.6 x 10- 5 /°C. 


C : O. 0 3%JsJlT\ Mn : 5. 0%J*lT. Cr 
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pT#&J: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) ti^u fS^^jsiNpgy s ±x<Dmm<Diun&m 

7b< RTi&J: ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, 
SD, SL, SZ, TZ, UG, ZM, ZW), J.-7V7 (AM, AZ, 


BY, KG, KZ, MD, RU, TJ, TM), 3 — □ V (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, 
IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 


N : 0. 0 3%J^T?^tL^ S i : 5%J^Ts W: 2. 0 %J^_t 6 . 0%£lT\ F e fc<fc Zf^F PligtfJ^ 

y s tfffcfJW : O. 1 %&TX\ 2 0°C-8 O 0°C(D¥^^3fi^7b<1 2. 6 x 1 O 6 /°C& V /Jv £ Z 
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mm 

*^Kf*s f£V^^05ft#p: (thermal expansion coefficient) 7 y -Y 

^—/V K (exhaust manifolds), W&&*'< ^ (exhaust pipes) „ 3^- ^— ^r— 

^^/Va-^A (metal honeycomb) 5 
<£)-fe/^I/—^ (separators), 4 $ — (interconnectors) ^#5(Sf N $#3(- 

mm(fuel cells) J152§W i L-C©g[fi^M (reformers) , V h 

(power generation plants) CO ? V (exhaust ducts) $t ^Wk'&^Mfe (heat 
exchanger) ^©ftiS. H5 T?Hft 1M ^/^(heat cycle) ^MiV M^thZm^K 

3££tt, je©3j^^ ^wg#^^oja7aw©v>-rn^*5v>T^. jcfc&astt 

in$^ H&ft&flfett (fracture by thermal fatigue) C#V\, 

stress) ;&S/Jn$ < fc5fc8>, a^#a»#£CJBtv\, !»##ifc&®T£^S4B33 

CO^fe^ LtH^il: (Magneto-volume effects) lJJl;d$&> 6 0 -fr^s ffi. 

^#tt^Igr&5o M£fcf, tV^^ (display) (D-f*7t7 (cathode ray 

tube) ^O^t K^"^^^ (shadow mask) \Z.&jo*bX\^'£> Fe — 36%Ni^ 

(Invar alloy) « N JJ --$fijt (Curie temperature) (2 3 0-2 7 
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9°C) tirW'ZW.^-ti&fS.^r— ^ y V (Atomic magnetic momentum) <Dj:% $3flMfc8fcH: 

w-*?*? t vxtizmztiz 2 o o xm&<of&&&&%kfc ixi o- 6 /°c^o 
^tefe^mx-hz) o 8 o o T>x<Dmmm&m$ i s x 

I/^IKaustenitic stainless steel) £ CM/K'fe 3 0 £ £> ^ rcD^cfe^ 
3 6%h<DN i Sr^i-Sfefe, ^LV^^h^^^i^, snjE&fcMJMt-ett-t: 
|S©i5J&^^©5S^I*EilTfcS„ Fe-Cr^^ 

^V^^«M'l4MV^fc:^l?|^^■##©[RI_b§r0oTtfc (#PB 2 0 0 3-2 
1 3 3 7 7 -*§-<k#*3 J; #1 2002-212685 ^#) „ L-/^ U 
Yt;^ <t -5 ieS^-fbte, r £ ^DXft (workability) ©ffiTO^JIi J 4 

^fc«tt^iRi-r'5^?^^/jN$<jfei9i-#\ m^mm (m^«\ «?^^) 

^^i-5#^^$^tXV^ 0 ^CD £ Fe-Cr7x7^H 

3§K#£>F±> _blBOS^^^i--<<^W^S^S*afc^^ Fe-Cr7x 
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m ■ Laves phase) lfcV^r±l&fbtt t LT©WttJ)RtB"T?& 5 > W^fffflW©tit* 

<5 o 

1. Ri%T?, C : 0. 0 3%£TF, Mn : 5. 0 %J^T> Cr : 6~4 0% 
N: 0. 0 3°/oTOMU S i : 5%^T, W: 2. 0%^_h6. 0%^T, 
g&SB F e *5 <fc mWMm^fm^ b ft 9 > fffflW : 0 . 1 %OTT% 2 0 °C~ 

8 0 OtoWWt^i 2. 6X1 0- 5 /°CJ; D/h^V^a^-f f^C r 

2. m&isbfc, Jf»%T\ Nb : 1%^T, Ti : 1 %J^T^ Zr : 1 %^T. 


3 


WO 2005/064030 


PCT/JP2004/019709 


3. m&iSbl^ ®*%T\ Mo : 5. 0 %&,T&*a^~tZ> 1 Xf* 2 ^|B«©7 

4. #^£&>^ Ni : 2. 0 %gT> Cu : 3. 0 %^T> Co : 

i . o %EAT0>i¥a> ksifrnfc^ < t h—m&^-rz 1 ~ 3 ©{pr^^ia* 

5. JC*%T\ B : 0. 0 1%^T> Mg : 0. 0 l%£iT©i^ 

b®fitLfcd>%< £ asrg-^r-t"* 1 ~4 ofpr^^fa«c©^^^-r h^c r 

6. #PI^££>^ fi%t; REM : 0. 1 %&TFRXfC a : 0. 1 %£TF<E>^- 

7. |£|||<D|§Jt^\ flr*%T?s C : 0. 0 3%^T, Mn : 5. 0%^T, C 
r : 6~4 0%, N : 0. 0 3%^T^^^"U> S i : 5 %^T^ W : 2. 

tillt, IB^^^i: Lfc#, i«L, IltiHSg : 9 5 0-11 

£ : 1020 °C~ 120 0^©tt_Jhlf*fe$l&:£rfTV\ fffflW : 0. 1 %&LTK-t 

8. «WB^©*§J5fe#£kK:, Nb : 1%J^T> Ti : 1 %SXT, Z 
r : 1%^T. Al : 1 %£JrF*3<fcTTV : 1 %$XT hmt£tl1t'> ft < 

9. |ft!B»^©l^aS£e>K:, Jt»%T\ Mo : 5. 0 %SkT&it1tt-Z 7 £fc 

10. MIB^O^L^^^^, WA%X\ Ni : 2. 0 %£XT, Cu : 3. 

0 %£*Tv C o : 1 . 0 %JUT©Pa*k»r£h/fc4>fc < £ t>— a*^*-f-5 7 ~ 

1 1. *fr1Bi^©iBJ*#Se>fc^ Jt»%T:\ B : 0. 0 1%£TF> Mg : 0. 0 
MCr ^rflBJOfiBfcfri&o 
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1 2. msmm<omMifi^b^ wm%x\ rem: o. i%ravc a : o. 
i %£ato— atzri— asr-g-^ri-s 7~i i uhbb©:^^ f^c r^r$ps$t 

ft 3^ ^mm<o r^rjiiwj mttt, ^9 — zxfaJLti&tfctatvxiftm'LIt 

ffiWj ©ft°/oft> ftW^^^X^^^^^^aCP-AES: Inductively 
Coupled Plasma Atomic Emission Spectrometry) "C$i!l*Ei Ufc„ "f~^fc>^> N I^Sf^ 

^ 20mA/cm 2 ) t5 0 z<Dmmm&*<oWM98lE&W6LV, T/VZDMM (MWtfc 
•Thy t7& + *?*&WtV'??&) «, MiLtlttt- fii^f^tSo 
r<D$£?jt£r I C P§3fcMSS (Inductively Coupled Plasma Spectrometer) XW- 

m^(Dwm (w P ) ^^*i~5o ^ffiwi (tt%) rso^fes; 

*fmw* (fC»%) = Wp/Mli x ioo 
2 o°c-8 o o°c^TO^es«^^bfc 0 r^f52ot 

-so o^tD^mmmmm^ 2 o°c^fe s 0 ox:Kim^m^<Dmu(D— 

Jffil ^TJ^^r 2 0 °C~ 8 0 0 °C(DU^m 7 8 0 ICC* 'Jo fcft^rW 5 „ fcfc U 

r <Dm.jg.^m<D$tfe&, &mm-mMM%: 2 0 - s 0 o^^^gH^Ptebfc^^-e 

ft57x7^ h^Cr^fi^#5^i^-c^§ 0 ^©J; 5ftffi!«3SW^ 100 

~800°Cr H 1©ia^^#f*s ^5fe^(7^7-r bm^^^V^ISType429Nb(JIS 
G4307), 7x7-f SUH409L(JIS G4312)) J; 9 ^ftftfcfBtr^-T, 
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11 : 15%Cr-0. 5%Nb-l. 9 %Mo £r^frtS.$c ti~.^^^94 h3G 

c r ^iBW© 20-800 x^(o^mmmmmm-mtirmm w Dt w w 

0 2 :^^affi^aJt (Sfcl&©¥fl:Wu mm) „ 

UT^Stg.^lOO'C 900°C, Mifn^ 500°C (100°C £ 900°C<D 

4»ra?ajE) t u t&jjw^ o. 35 £ i 5 i si^wj ttif 

IH4 : 1 5 %C r - 0. 5 %N b - 1 . 9%Mo ^11^^^5 7x7^ 

c r ^mmuotitmwAtmm^'fo t <Dm^^-rm 0 

15 : 15%Cr-0. 5%Nb-l. 9 %Mo ^m^ffi-J^tTS? ^7 4 

C r ^^mU<^^vM-B^^(oold rolled and annealed steel sheet) OtftHW* 

• C : 0 . 0 3 %^T 

0 0 8%j^T"e&6 o 

• Mn : 5. 0 
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bV\, b3&*U iiPJ^^PfiMn S Sr^jgfcUTW^ttSrteTS^S© 
-C, 5. 0%J^T(<:Ptebfc o 0gb<teO. 1%£JLL5. 0 %ETF-e& !K «fc 
•9 & * b < f± 0 . 5 %£k± 1 . 5 o/oETFT 5„ 

• C r : 6 ~ 4 0 % 

u< te, i 7 z> 0 

• N : 0 . 0 3 %J^T 

£#$£?:£bv\, ^K-CttN*tr0. o 3 %J^T(-Ptebfc 0 J: 

"9 0 * b < 0 . 0 0 8 %&TfV& 5 D 
•Si: 5% EAT 

Si}*, WBMbtefai^fci&SKaili"*- -?:©^^r#Sfcae){c:^ o. 0 5% 

£i2r5<Z5T\ 5 % £ bfc Q #£b<ri, 0. 0 5°/oM2. 0 0%i:t5 o 

• W : 2 . 0 %£JUh 6 . 0 

ififOii*^^: bTJPIttJ&steT**"* ©t, 6 . o % £ bfc 0 if * b 

<»2. 5%J^±~4%gTT^5 0 £biiI0£b< tt3%£jLL~4%OT-e& 

■So 

• #f |±1W : 0 . 1 %$X~T 
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teo. 0 3%OT-e^ o {sv^^^uv\ vfrvtzfths #rt£l w^o. o o 5% 

|£||3|£<Dfl^c{^3lb\ iPXR#^J3/im^ (Orange Peal) #^§3=U ^XB^^fiJ 

•Nb : 1%£XT, Ti : 1 %JMT> Zr : 1 %£AT\ Al : 
V : 1 %J^T^) 5 ^fe51A,fc4>& < £ fe— m 

Nb, Ti, Zr, A 1 33 J^T^VfiV^i*;?'!.^ C&3V^N&gj£bTlH§fc# 

• Mo : 5. 0%£kT 
Mote, B^tt^fRl_h$*5fc^, ii0LT^J:V\ *<D&iMztZ 0 . 0 2 %m 

0 £ b < f± 1 %Rii~ 2.5 %^TTfc5. 

•Ni : 2. 0%^T\ Cu : 3. 0 %^T£5 J:U?C o : 1. 0%filT©H^ 

n i , c u, Co isv^-fti^ m&<D&mz.^mt£7zmx*&>)Q , ^^€^n 

i : 2. 0%mTs Cu : 3. 0 %^T\ Co : 1. 0 %UTX"^t5l£% ^ 
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i : 0. 5%R±, Cu : 0. 3 %£LL S Co : 0. 0 1%^±©W^L 

• B : 0. 0 1%^ Mg : 0. 0 1 %£TF© 5 t>3&*b»M££>fc < t & — U 
^r#5fcfe^^ -^tv^B : 0. 0 0 0 3 %&L±, Mg : 0 . 0 0 0 3 %£l± 

b7c 0 ±5&tL<ttB: 0.0 0 2%£JLT. Mg : 0.0 0 2%£TF-e&5o 

• R EM : 0 . 1 %£TF> C a : 0 . 1 %£*T < £ fc — M 

REM, Cate, B^>ft;'f460fRl_b^^{-W^-r-5c ^^m^Sfc&fcf^ 
^rti^flREM : 0. 0 0 2%SLh > C a : 0. 0 0 2 %£LL3&S0 * 

tic stainless steel) <D — flgl$5fcSS5i:frfe&05gfc^T?# 3. 

flifctf, JtlBUfc3tiEj&J^«BfflK:fl«EUfe»«P!Sr, 
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rssip*Hs^sr^i-s»«P!Srx ^h^^nn^mmx^mv, vod 

fc^otHi^itS - t&X~% ^^'t4*5iI^n n pKC>«^^b, 3Sic#l 

5£$feKi«fc5©;&50£ UV\, 5g^tt5tUT#fetbfc#S*#fi, Mx.fS, 10 0 0 
~i 2 5 0°CidDi^, f^KJEjaE^J; «9BFfM©«J¥©ffeM«i $tl,So t>*> 
&t$m^£ UTAlXi-^r t fc-C#£o 9 5 0- 1 1 5 

o°C, 1 0 2 o~i 1 5 otc^yf^MfcSVMtSii 

mzLn<Dm.j±rm^ 6 0 %u±, * u < « 6 2 «t 0 0* l < 7 

0%^_h^-r-5 o ^M=K»V 1 0.2 0°C~1 2 0 0°<X $ feJCifat^ri^ 1 0 
5 0-115 OTCOlili (tt-b^M) , JfcV^gUJfc«rlfe£*b-C\ 

— — = , sfc®^) ^j$^£ft5 0 rift 
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•f-%>1t ft mz$&fe£thZ &£>-eJ£&<MIG (Metal Inert Gas) , 

MAG (Metal Active Gas) „ TIG (Tungsten Inert Gas) #©iIit<£>T — ? 

«n^& * t* <o mm wtm,m&i£, mm m.mmmmmm ^im -e & 5 a 
( i ) m3®R$fflMM • 95o~ii5o°c, j±±\?.j$mm.M -.102 o°c~ 1 

2 0 o°c 

tciff 5tt_hJf^#£©?aSSrl 2 o 0 o CM;U£Uft&m«\ ^liifit©lft±iWt 
« N 0 . l%bteb ft V\ Ud* U tt_htf iilfigl: 1200 °c®xi^i-6 

m±&£Z>f-#> : fcW\J±M£?^ = /^«TOJS>H£ft5 0 iotllliW 
ft9 5 0~115 0WfU\ £6>{;n, 1 0 2 0TC~1150WfU\ 
^ «t 5 ^^M^#fe^^#^T-rttJb^M?a^% 1 0 2 0°C~ 1 2 0 0°C, 
L < W:, 1 0 5 0°C~1 1 5 0°C{31-r^r i«W^0. l%£r# 

^1 ^1-^mj^ft5 5 0k g » (fSK^ik J£t£iPl^m»ipa 
(Type429Nb, SUH409L) ) trfESLU rtl, 1 lOO^idOtf, f&PeOff 

(j&$fi$B^ : 1 0 9 0°C) -SH5fc-?£ISJjEM GfrMJdET^ : 6 2. 5%) ~tt_h 
(* l fc^-f «t 5 tcjftttjfl^Sr 9 o o°C^fe 122 o°c^{b£-^ 
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t£&^ 2 o°c-8 o o°c(D^mmdmm^(D^oKvxnmL-^ w«u 

Ito 

MgMJim<DWtW.mBimr>L-7 0 O OMrJlWT, 1. 5mmtX5m 
mipSX 2 OmmL (Sffiftx^ y-# 3 2 0»f) CD^^Jt^rfflV^T, Ar^T* 
U-$S.3££ 5 °C/^-T? 2 0 °C~ 8 0 0 °C©^^eK#^^a!l^ Ufc 0 

»7x7^ >^7y^H (^1- (i# : ^©D ©No. F t G) 

12. 6x1 o- 6 /°cg^ (20-800 \:©^»Kl£i£> -e 

&<5o »^^ § 3 0°C|RlJh (8 3 0°C) L.T^IH©^<DM^^f^ 3 0 °C 

^H2. 6X1 0" 6 / o CX (8 0 0-2 0) °C> a (8 3 0-2 0) °Ct?£% 
ilWa, IP%, IWf «<12. 1 xl0- 6 /t^t>ioO|§ 
T?fcS 0 £>fmu f»31#ifc a *K 12. 6x1 0 -■/t £ «5 d>£ ttftfcf* Bfi 
tefaJite^&^fc3*fcW:3Efc>tJ &V\, 2 0-8 0 0°Ci?S!l^bfcB#, 

ii. 7 x i o- 6 $m ■ A9>?, mi •fejis o 

11. 7 x 1 0- 6 ^_b, 12. 1 x 1 0" 6 3zWq ■ B^V^, ® 1 <PXlt, □ 

12. 1 x 1 0~ 6 EJUL, 12. 6 x 1 0- 6 =fcffi : C^^, HI 1 4^13, A 
12. 6xl0- 6 £iLh:D9^^ HI 1 ^J*-. X, ♦ i:^ e 

AES: Inductively Coupled Plasma Atomic Emission Spectrometry) K <£ Y) Jffl^b 
fco -r^^t>, 1W&1 0%T-fe^/VT-fe f^«#¥m»/M^)£Ji^T 

^ 20mA/cm 2 ) bfc 0 £©«flB^*©«#»at&*RU 
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■C-Sti-f^tfc 0 I CP^IMIfgf (Inductively Coupled 

Plasma Spectrometer) ^¥&m^<DWM. (Wp) 4r^*Ufc 0 ^T^W* (ff 

#ffcfciWA (IC»%) = Wp/WIi x 100 

^(D^^Ml ^5^1^111 1 ^Lfc 0 ^*5> in-lt No. A^bNo. E, 
No. I, J, K, L, M*3«ttJ^^No. 1^7, 2 0 ~ 2 1 do £ 
i£fl?<£>^llfe#!lP, Q, R, S, T&J;OTr£r^Ufc 0 iSNo (1, 2, B) , M 
No (3, 4, 5, C, D N N, O) % iHN o (6, 7, E) , #?N o (2 0, 
21 N I, J) So-JzU^No (K, L, M) •en.^iH— ^^-Tfe^o 01^ 
&> N W^o. l%^JiWaiWi!U-C#^E-r^i!, ft<«SifWt5© 

^SlIrttliLti m^BmmWt&?Flr 0 No. F^Gte, # 

5©T\ «V^J^eS##:^^-r o £fc. #HNo. K, L, Mf±, W^6%^x. 
TV^OT, &#|SltfWfe (J I S B 7 7 7 8«L) m J: 9 ft^^#Jt^tr 

PJtSIS^-tPM^^TV^^)©^ ft^tfttfK* (J I S B 7 7 7 8M) 
M£ V) mf^mMtl^^. -IfPfdtu^^UfCo £fc, IRNo. P, Q, R> 
S, T, Ute, 5fef-lfl^Ufc^»!jT?&§^ N #Jhtf&$fc?gJ^ 

V^I^55#^^r^i-o ^r^teco, ^KIHNo. 8-1 9 te, V v-fft ©V «&§g 

m^m^it, m 3 <D±<Dm^i-Wk-v-4 ? M^$£<>tc 0 1 o o°c^b 9 0 o°c 

<D&mM&& 4 . 4 °C/# £ L> 9 0 0 °CT? 1 0 #^ U 9 0 0 °C~ 10 0 °c— 
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<D$m&£& 4 . 4 °Cm 3 7 0 g>-e 1 ^ /Vi Vfc 0 1 0 0 °C- 9 0 
0°CT^^0. 3 5 k?£% i: 5teE&mBmz.£.Z>^&%)MVXMM\^fc a flf 

J-lt^ry v^/^ — 7° (load-deformation hysteresis loop) ff^feir & 51^^ 
^/Vg-tf^i-Sft^lSS^aSrl 0 0%£ U ^:<DS^§l5i#mc0 7 0 

HJiM 2 

^ffiW*^tl!y^*fl^lWi:©HISSr»iacU*io 0. 0 0 5%c, o. 

0 7%Si, 1. 0 2%Mn, 15. 2%Cr, 1. 9 2 %M o , 3. 0 2 %W, 
0. 5 1%Nb, 0. 0 0 4%N©^M^b^5 5 0 k gil^fflU £ 

thbtomnz iio ox^Ktom^ imjem^j: y> 4mmj¥©i»i bfc c o 

vvr% £fr&©fS&^fc*tU (X&tiBA ■ 9 0 0°C^6> 1 2 0 0°C 

62. 5%) -tt-t(f«& (tt_htf«&*I.S : 1 1 0 0tT3M^bfcf, 

m5iziftmw*k%mfoi&ffiM&k<D&m&^ir 0 msfah, &&&&&&&& 

S9 50~1150Wfl<, 1 0 2 0°C~1 15 0WfU^ 
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